Abstract
Introduction
Cervical spondylotic myelopathy (CSM) is a well-known clinical syndrome of multifactorial origin and is the most common acquired cause of spinal cord disease [1, 2] . A series of environmental factors, such as age, gender, smoking, height, weight were considered to be the risk factors for musculoskeletal degenerative disorders [3, 4] . Additionally, the genetic factors were noted for their important role in the degeneration process of musculoskeletal disorders, including intervertebral degenerative disc disease [5, 6] . However, to date, only few candidate genes predicting the occurrence and development of CSM were documented [7, 8] .
As a member of bone morphogenic proteins (BMP) superfamily, BMP-4 is a multifunctional growth factor belonging to the TGF-β super family which is known to play an important role in regulating osteoblast differentiation and bone formation [9] . The functional role of BMP-4 in bone metabolism is well established, and BMP-4 can induce de novo cartilage and bone formation [10] . Over expression of BMP4 was reportedly associated with progressive heterotopic ossification in humans, fibrodysplasia ossificans progressiva [11] . BMP-4 is increased in concentration during fracture healing [12, 13] . Recombinant human BMP-4 effectively enhances new bone formation and accelerates fusion in the rabbit posterolateral posterior spinal fusion model [14] .
Functionally, variants of BMP4 may be synthesized from different single nucleotide polymorphisms (SNPs), resulting in a qualitative or quantitative change in the local production of BMP-4 or in its effectiveness via its cognate receptor [15] . To date, the BMP-4 gene SNPs have been reported associated with bone density and posterior longitudinal ligament [16] .
Taking into account the role of BMP4 in bone formation and metabolism, we assume that the BMP-4 gene polymorphisms might be related to the risk and severity of CSM. In addition, recently study showed that the gene polymorphisms can predict the outcome after surgical treatment in patients with CSM [8] . We were also interested in investigating whether the SNP of BMP-4 had a prognostic role in CSM after surgical treatment.
Materials and Methods
Enrolment 499 consecutive patients being diagnosed as CSM were enrolled in the study from September 2003 to June 2006. The diagnoses were established on the basis of findings from the history, physical examination and confirmed by magnetic resonance imaging (MRI) as previously described [17] . Exclusion criteria included congenital cervical anomalies, trauma, prior cervical surgery, rheumatoid arthritis, infections, tumors, ankylosing spondylitis, ossification of the posterior longitudinal ligament, diffuse idiopathic skeletal hyperostosis, and any other inflammatory disease involving the cervical spine. The control samples consisted of 602 sex and age matched healthy Chinese individuals with negative MRI findings. The clinical characteristics including sex, age, weight, height, body mass index (BMI), daily desk work time, smoking status alcohol use and family history of intervertebral degenerative disc disease were collected. The study protocol was approved by the Ethics Committees Ethical Committee in our hospital. Written informed consent was obtained from all patients before participation in the study. This study was carried out in compliance with the Helsinki Declaration (http://www.wma.net/en/30publications/10policies/b3/index. html).
Follow-Up and Outcome Assessment
Based on the clinical symptoms and signs, the severity of neurological deficits of all these preoperative patients was scored one day before and 12 months after ACF according to the modified Japanese Orthopedic Association (modified JOA) score for CSM [18] . The patients were dichotomized into two groups according to the mJOA scores: improvement group (at least 50% or higher improvement in mJOA score at the last follow-up compared with pre-operative score) and a non-improvement group (the improvement of mJOA 
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score at last follow-up was less than 50%, equal, or less than pre-operative mJOA score).
Genotyping and SNPs of BMP-4 gene
Peripheral blood was collected in tubes containing 50 mmol/L of disodium EDTA. Genomic DNA was isolated with Wizard Genomic DNA Purification Kit (Promega, Madison, WI, USA). The specific product of the BMP-4 gene was amplified by polymerase chain reaction (PCR) with primers 5´-biotion-TGAAGG CAAGATGTCTGA-CACA-3´ (forward) and 5´-CCTTCCTGCATTTCTATC-CTA-3´ (reverse) for -5826G>A (rs1957860), and 5´-ATTGCCCAA-CCCTGAGCTATC-3´ (forward) and 5´-biotin-TGGGGG-CTTCATAACCTC-3´ (reverse) for 6007C>T (rs17563). Reactions were performed in a total volume of 20 μl containing 0.2 μg of genomic DNA, 3 μl of each primer (1 μmol/L), 1.2 μl dCTP, dTTP, dGTP and dATP mixture (each 2.5 μmol/L) (Takara Biotechnology, Dalian, China), 0.15 μl Taq DNA polymerase (Takara Biotechnology) and 2 μl 10×PCR Buffer II (Mg2+ Plus) (Takara Biotechnology) in double distilled water to a final volume of 20 μl. The thermocycling procedure consisted of initial denaturation at 95°C for 3 minutes, 35 cycles of denaturation at 94°C for 30 seconds, annealing at 60°C for 40 seconds, extension at 72°C for 1 minute and a final extension at 72°C for 10 minutes. The PCR products were analyzed by electrophoresis on 1% agarose gel and visualized by ethidium bromide staining. The -5826G>A and 6007C>T polymorphisms in BMP-4 gene were detected by direct DNA sequencing for all samples.
BMP-4 expression by western blot
A total of 93 intervertebral discs were collected during surgery from CSM patients underwent the anterior cervical corpectomy and fusion. Samples were homogenized and lysesed. Extracts were resolved on SDS-polyacrylamide gels followed by transfer to nitrocellulose membranes (BioRad). Proteins were detected by using antibodies to BMP4 (1:1000, Abcam, USA) and GAPDH (1:5000, Santa Cruz). The intensity of the specific bands was quantitated using densitometry analysis (Image Station 4000R Pro; Eastman Kodak, Rochester, NY). The quantitative analyses were performed by using TINA software. The BMP-4 expression levels were quantified by the ratio between the individual density of BMP-4 band minus background and GAPDH minus background.
Statistical Analysis
Data on quantitative characteristics are expressed as means±SD. Data on qualitative characteristics are expressed as percent values or absolute numbers, as indicated. Differences in demographic characteristics and vascular risk factors between patients and controls were compared by using Student's t test or ANOVA for continuous variables and the χ2 test for all categorical variables. To estimate the deviation of frequency of gene alleles in tested population, we performed the Hardy-Weinberg equilibrium using χ2 tests. Genotypes and allele frequencies were compared by χ2 analysis or Fisher's exact test. Multivariate logistic regression analysis was used to determine the influence of BMP-4 polymorphisms on CSM, controlling potential confounding conventional risk factors. A forward stepwise (Likelihood Ratio) procedure was used for multivariable analysis. Data were analyzed with the SPSS 16.0 package (Statistical Package for the Social Sciences, version 16.0, SPSS Inc, Chicago, IL, USA).The results were considered statistically significant at P < 0.05 using a 2-tailed test. Table 1 showed the clinical characteristics of cases and controls. There was no significant difference in age, sex and BMI, however, CSM patients had a significantly higher rate of smoker (P=0.026), heavy alcohol user (P=0.001) and family history (P<0.001). In addition, the daily desk work time in CSM patients was significantly longer than controls (P<0.001). Of all the enrolled CSM patients, 330 (66.1%) patients had intramedullary signal on T2 MR images. The mean deiseased segments was 3.5±0.4. A total of 419 patients received anterior cervical corpectomy and fusion (ACF) and were follow-up. 
Results
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Cellular Physiology and Biochemistry carriage represented a lower risk for CSM as well (adjusted OR=0.51, adjusted P<0.001). Our data suggest that the T allele carriage had a protective effect against the occurrence of CSM in studied population. We evaluated the relation of the BMP-4 SNPs with the severity of 425 patients one day before their surgical CAF treatment by using modified JOA score. We found the pre-operative severity of patients was similar among different genotype carriers (Fig. 1) .
We also compared the BMP-4 protein expression in intervertebral disc samples from 93 CSM patients underwent CAF treatment. The genotype distributions of all patients were as following: 6007CC (35), 6007CT (31), 6007TT (27) and -5826GG (24), -5826GA (46) and -5826GG (23) . Figure 2A shows the typical bands of samples from CSM patients and Figure  2B shows the result of quantitative analyses by TINA software. Our results showed that the 6007C>T SNPs significantly affected the BMP-4 expression. The BMP-4 protein expression were apparently lower in TT of 6007C>T carriers compared to CC and CT carriers. In contrast, the -5826G > A genotype did not affect the BMP-4 protein expression in different genotype carriers.
All the CSM subjects receiving ACF in this study completed the 12 months follow-up study. No patients died during the peri-operation and follow-up periods. According to the improvement of modified JOA scores, 216 patients were attributed into improvement group and 209 into non-improvement groups. We observed a significant difference in the 6007C>T polymorphisms between improvement and non-improvement groups. The improvement group had a significantly higher rate of TT genotype and T allele distributions than those without improvement (29.11% vs. 20.39% P=0.002 and 52.35% vs.41.75%, P<0.001). After adjustment with sex, age, BMI, smoke status, desk work time, family history and surgical treatment, logistic regression analysis showed the TT of 6007C>T polymorphisms is associated with higher chance to gain improvement from ACF surgery (adjusted OR=2.158, adjusted P=0.004, compared to CC genotype, Table 3 ). The CT genotype represented a 
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higher chance of improvement as well (adjusted OR=1.644, adjusted P=0.032, compared to CC genotype, Table 3 ). The T allele carriage of 6007C>T had markedly higher chance to have a better post-operative outcome compared with C allele carriage (adjusted OR=1.533, adjusted P=0.002, Table 3 ). The genotype and allele distributions of SNP at rs-5826 did not show difference between improvement and non-improvement groups (Table 3) .
Discussion
In the present study, two mostly studied gene polymorphisms of BMP-4, namely, rs-5826G > A and rs6007C>T, were selected to evaluate their association with the susceptibility and the post-operative outcome of CSM. Our data showed a significant difference in the 6007C>T genotype distributions as well as the allele frequencies between the CSM cases and controls. Logistic regression showed the 6007C>T polymorphisms was significantly associated with the risk of CSM and T allele carriage had a protective effect against the occurrence of CSM. Besides, the polymorphisms at this locus predict the post-operative outcome in those who received ACF. The 6007C>T polymorphism significantly affected the BMP-4 expression in the intervertebral disc samples. The BMP-4 protein expressions were significantly lower in TT of 6007C>T carriers compared to CC and CT carriers. The TT genotype of 6007C>T polymorphisms is associated with higher chance to gain improvement after ACF treatment. The post-operative outcome of CSM patients is quite variable among patients. Clinically, there is still no molecular or biological markers to predict the prognosis of severe CSM patients underwent surgical treatment, our findings suggest that the BMP-4 genetic polymorphisms might be used as a molecular marker for the CSM susceptibility and its postoperative outcome in those subject to ACF treatment. Gene polymorphism detection can be performed very easy with little cost, which makes it very easy for the potential use to predict the post-operative outcome of CSM patients receiving ACF treatment.
The role of BMP-4 expression and bone formation has been well documented. BMP-4 is a potent osteotropic factor promoting bone formation in vivo and in vitro and can strongly induce ectopic ossification [19, 20] .
Posterior longitudinal ligament (OPLL) is a kind of ectopic bone formation that develops in the spinal ligament. A previous large-scale study screened for candidate genes of OPLL ossification in the spine by cDNA microarray analysis. Among all the candidate genes studied, only BMP-4 reached criteria of suggestive evidence of linkage [21] .
The BMP-4 gene is located on chromosome 14q22-23 and the structure of the BMP-4 locus as well as its transcriptional regulation have been determined [15, 22] . The SNP locus at -5826 G>A influence BMP-4 gene transcription. Another SNP of 6007C>T present in the coding region of the BMP-4 gene has been reported to affect bone density in postmenopausal women [22] . This polymorphism codes for a nonsynonymous amino acid change with the T allele coding for valine, while the C allele codes for alanine [23] . The 6007C > T polymorphism was associated with total and intertrochanteric hip Bone mineral density (BMD) and BMD was lower in the subjects homozygous for the C allele. The authors concluded that a polymorphism found in the BMP-4 gene, affecting amino acid sequence, is associated with hip bone density in postmenopausal women, presumably via regulation of anabolic effects on the skeleton [24] .
In Chinese OPLL patients, the frequency of TT genotype and T allele were significantly higher in male OPLL subjects than in male controls. A significant difference was also observed between the 6007C>T polymorphism and the number of ossified cervical vertebrae in OPLL patients, while no statistical difference was apparent between the -5826G>A polymorphism and OPLL occurrence [25] . Our data in Chinese CSM patients showed the similar trend. Collectively, these data suggest that the T allele carriage is closely associated with the OPLL and CSM in Chinese patients. Identification of allele carriage with a simple PCR based technique may be useful to predict the occurrence of certain cervical spine disorders, like CSM or OPLL.
